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I. A I M OF THE PRESENT RESEARCH 
This article deals with dynamic periodicity, the normal 
recurrence of maxima and minima in strength during the 
day, week, month, season and year. The effects of tempera­
ture, humidity and atmospheric pressure are treated in con­
nection with climatic influences. To some extent, the problems 
of mental and physical fatigue, and physical inactivity are 
given a place. The aim of these tests was (1) to verify some 
of the experimental results of previous investigators and (2) 
to introduce a new method of studying this very interesting 
problem of periodicity. 
* This article is a very brief summary of a thesis submitted in 
partial fulfillment of the requirements for the degree, Doctor of Peda­
gogy, in the New York University, School of Pedagogy, 1914. 
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EXPERIMENTAL STUDY OF DYNAMIC PERIODICITY 327 
II. HISTORICAL SKETCH 
There is a marked scarcity of data on the subject of dynamic 
periodicity. The problems and results of previous investiga­
tors throw some light, however, upon our own work. Re­
garding daily periodicity nearly all investigators have found 
both a morning and an afternoon maximum, with emphasis 
upon the morning crest, both for physical and mental effi­
ciency: e. g., Schuyten (20) found maximum points between 
8 A. M. and 11 A. M., also between 2 p. м. and 4 p. м. ; while 
the 2 p. M. record was greater than the 11 A. M. it was always 
less than the 8.30 A. M. record; Storey (21) found a rise until 
10 A. M. or 11 A. M., followed by a decline until 1 p. м., which 
was followed by a rise until 4 p. м. and a drop until 6 P . M . ; 
Marsh (15) found the daily strength efficiency low in the 
early morning with a rapid rise until 11 A. M., a level or 
slight decline until 1 p. м., and an increase with maximum 
at 5 P. M. and a decline until bedtime. 
Regarding seasonal periodicity there is not so much agree­
ment among authors as with daily periodicity. Schuyten and 
Peaks (19a) found a crest around December-January in 
physical strength; while Lobsien (13) and Peaks found the 
highest psychic capacity around December-January. Dex­
ter (6, 7, 8) concluded that the time of year was not an im­
portant factor especially regarding misdemeanors. Schuyten 
found a decrease in the power to grip the dynamometer during 
both winter and summer and a rapid rise during spring and 
autumn. Peaks differs slightly at this point, finding the 
autumn rise to begin late and continue until January, and the 
spring rise having its crest in May. Dexter places much 
emphasis upon both barometric and hygrometric influences, 
especially the abnormal barometric influence. Lehmann and 
Pedersen ( l i e ) conclude that both physical and mental work 
vary from day to day due to sunlight, temperature and baro­
metric conditions. Huntington ( n b ) found that factory 
hands work fastest in November and slowest in January. 
Schuyten pointed out marked effects of temperature to which 
Lobsien added environmental conditions, especially geograph­
ical location. 
With these points of emphasis in mind, we will proceed to 
the analysis of our own data. 
III. PROCEDURE 
Most of my tests were made by myself. Others who acted 
as subjects were nine graduate students, two ladies and seven 
gentlemen, two girls (ages 12 and 14 years) and one high 
school boy (age 17 years). The study was thus an individual 
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328 EXPERIMENTAL STUDY OF DYNAMIC PERIODICITY 
one, which fact must be kept in mind when drawing conclu­
sions. The Smedley dynamometer was used; and the barome­
tric, hygrometric and thermometric readings were taken from 
the government reports. I began measurements, myself as 
subject, in the Laboratory of Experimental Pedagogy, New 
York University, November 13, 1912, and continued until 
April 1, 1914; then after 180 days rest, measurements were 
resumed again for 50 days and after an additional rest of 20 
days, measurements were resumed for five days,—making in 
all 560 days upon which tests were taken. Six measurements, 
three with the right hand and three with the left hand, were 
taken at each of the seven different stated times, daily as fol­
lows: (1) 7 A.M. which was immediately after rising in the 
morning, (2) 9 A. M., the time between seven and nine being 
occupied by a bath, breakfast, a short walk and the morning 
paper, (3) 12 M., the time from nine to twelve each morning 
being devoted to study or spent in the lecture room, (4) 2 p. 
M., the time from twelve to two was for lunch, a walk, rest 
and the reading of a magazine, (5) 6 P. M., the time between 
two and six was for study or the lecture room (always one or 
two hours lecture during the University school years 1912-13 
and 1913-14), (6) 8 P. M., the time from six to eight being 
occupied by dinner, rest and the evening paper, (7) 11 p. м., 
the time from eight being devoted to study. This program 
was adhered to with a considerable degree of constancy dur­
ing the entire period during which tests were taken save 
that during the month of June, 1913, there was no study but 
tests were taken as on other days. The actual time of taking 
tests did not vary appreciably from the stated time, and at all 
such times a note was made of the amount of deviation. 
The method of taking measurements was the same through­
out the entire period, and for all subjects. At any one time, 
measurements were taken alternately with the right and left 
hand, which alternation caused the lapse of a few seconds of 
time necessary for the changing of the dynamometer from 
one hand to the other and tended to eliminate fatigue. Dur­
ing the tests the subject stood in an erect position and the 
dynamometer was held in the following positions: (1) with 
the arm in a downward position by the side of the body, yet 
not touching the body at any point, (2) in a vertical position, 
(3) in a horizontal position. In each of these three positions 
practically the same muscles are used, yet the fact that the 
position is different would tend to prevent fatigue. At each 
measurement an effort was made by the subject to exert all 
the energy possible, to grip his maximum. Although the 
dynamometer is intended to measure physical strength only, 
it is the writer's conviction after a long series of experiments 
D
ow
nl
oa
de
d 
by
 [Y
or
k U
niv
ers
ity
 L
ibr
ari
es
] a
t 2
0:0
1 2
1 N
ov
em
be
r 2
01
4 
EXPERIMENTAL STUDY OF DYNAMIC PERIODICITY 329 
that the entire individual participates in every separate test 
taken, and that the results obtained are in a degree a measure 
of the entire subject. 
The data, the summary of which is expressed in my results 
and from which I have drawn my conclusions, include 28,810 
separate measurements. 
IV. RESULTS 
1. Daily Periodicity 
a. General.—By a careful study of the table, given below, 
of the general daily periodicity for the 505 days from Novem­
ber 13, 1912, to April 1, 1914, showing the arithmetical aver­
age, maximum, minimum, mean variation and median, one 
will note the following general trend in the curve of arith­
metical averages: (1) a relative low measurement (43.33 
kilos) for the early morning period, due doubtless to the fact 
that the tests were taken immediately after rising in the morn­
ing; (2) a rapid rise at 9 A. M. (46.59 kilos) ; (3) a slight 
drop at 12 M. (46.34 kilos) ; (4) a slight rise at 2 p. м. (46.44 
kilos) ; (5) a broad level from 2 p. м. to 6 P. M. (46.44 kilos); 
(6) a rise at 8 P. M. (46.63 kilos) making not only the after­
noon crest but the high point of the day; (7) a marked drop 
at 11 p. M. (45.26 kilos). This 11 P. M. measurement though 
indicating a decided drop (1.37 kilos) below the 8 P. M. meas­
urement is higher than the early morning test by 1.93 kilo­
grams. The median curve follows the average curve very 
closely, being a little higher at all points. The one marked 
variation is shown in the median measurement for 6 p. M. 
which is somewhat below the median measurement for 2 P. M. 
instead of being on a level with it as is the average measure­
ment. The median curve which shows a morning crest at 
9 o'clock, an afternoon crest at 2 o'clock and an evening crest 
at 8 o'clock is probably nearest to the true diurnal course of 
efficiency. The striking of averages, of a large number of 
measurements, tends to bring all to a level. This conclusion 
is strengthened by a consideration of the range of difference 
between maximum and minimum measurements and the mean 
variation. The range of difference between maximum and 
minimum at 12 o'clock is greater than at either 9 o'clock in 
the morning or 2 o'clock in the afternoon, greater at 6 o'clock 
than at either 2 o'clock or 8 o'clock and greater at 11 o'clock 
than at 8 o'clock. It is least at 8 o'clock in the evening (8.1 
kilos), second lowest at 2 o'clock in the afternoon (9.3 kilos) 
and greatest at noon (14 kilos). The curve of mean varia­
tion though nearly straight is lowest in the forenoon and early 
afternoon and highest at noon and in the evening. 
The very low measurement and the slight mean variation 
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3 3 0 EXPERIMENTAL STUDY OF DYNAMIC PERIODICITY 
for the 7 A. M. period are doubtless due to the fact that the 
tests were taken immediately after rising in the morning. In 
order to verify this conclusion tests were taken on 30 days 
at 7.45 A. MV which was after the necessary exercise required 
in making the morning toilet but before breakfast, with a 
resulting average measurement only slightly below the aver­
age measurement at 9 A. M. for the same days. The rise at 
each of the 2 p. м. and 8 P . M . periods is due in part to taking 
of food and rest. The afternoon is always better than the 
morning; the average and median being higher, the range of 
difference between maximum and minimum being less and 
the mean variation being the same; the evening is better than 
the afternoon; the average and median being higher, the range 
of difference between the maximum and minimum being less, 
while the mean variation is slightly higher. 
The diurnal course of efficiency as indicated by the arith­
metical averages, median, mean variation and maximum and 
minimum seems to have three distinct rises and an equal num­
ber of declines. This is true not only of the averages but of 
69 per cent, of the 505 days included in the table. 
Table for the Diurnal Course of EMciency 
7 a.m. 9 a.m. 12 m. 2 p.m. 6 p.m. 8 p.m. 11 p.m. 
Average. . . . 43.33 46.59 46.34 46.44 46-44 46.63 45.26 
Max 49.00 50.60 52.00 50.80 50.80 51.10 50.60 
Min 38.50 39.00 38.00 41.50 40.80 43.00 40.60 
Median. . . . 43.80 46.80 46.70 47-Ю 46.90 47.30 45.90 
M. V 1.50 1.70 1.80 1.70 1.70 1.8b 1.80 
b. Detailed.—A detailed study of the diurnal course of 
efficiency of the 505 days included in these tests reveals many 
interesting facts that are entirely unnoticed by a general con­
sideration of arithmetical averages and mean variations. The 
day showing the highest average record was October 28, 1913. 
The record for this given in the regular time order for the 
seven periods was: 44.5, 50.5, 51.3, 50.1, 50.6, 50.6, 49.1. It 
will be noticed that the curve of this day is not that of the 
average day; instead there is a gradual rise until 12 м. when 
the maximum measurement for the day is made, a drop at 
2 P. M. and another rise until 8 P. M. The curve for this day 
is characteristic of a large number of days upon which the 
subject was in the best of spirits, or when work was inspiring. 
Another group of days having a record very similar to the 
foregoing save that the afternoon record was comparatively 
low, was when work was interesting and a maximum of at­
tention was given during the entire morning. The curve 
would gradually rise until 12 м. or perhaps 2 p. м. then drop 
and remain low for the entire afternoon and evening. The 
maximum grip, and maximum measurement for any one 
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EXPERIMENTAL STUDY OF DYNAMIC PERIODICITY 3 3 1 
period did not occur on either the day having the highest or 
next highest record, nor during the season when highest 
records were being made, nor at the time of day having the 
highest average record. The maximum grip (57 kilos) was 
made at 12 м. on January 6, 1914, and the highest record for 
any one single period (52 kilos) was made at 12 м. on Janu­
ary 4, 1913. Both of these records were made on days when 
work was inspiring, when the subject was at his best. 
2. Weekly Periodicity 
a. General.—In order to study the weekly periodicity the 
data for the 53 weeks between December 15, 1912, and De­
cember 20, 1913, were considered. From a study of the table 
given below it will be noted that: (1) the curve of arith­
metical averages is nearly straight, (2) the median curve is 
more marked, (3) the maximum and minimum curves have 
the same general trend, (4) the difference between maximum 
and minimum measurements shows Monday and Thursday 
with the greatest difference and Wednesday and Saturday 
with the least, (5) Monday shows the highest mean variation 
and Saturday the least. 
Table for Weekly Periodicity 
Days Sun. Mon. Tues. Wed. Thurs. Fri. Sat. 
Average. . . . 46.00 45.90 46.30 46.10 45.90 46 
Max 49.10 49.30 49.50 48.90 48.70 49 
Min 42.90 42.00 43.20 43.10 41.50 42 
Median 45.50 46.10 46.60 46.30 46.10 45 
M. V 1.53 ' 1.66 1.43 1.34 1.36 1 
00 46.30 
00 48.90 
80 43.20 
80 46.30 
53 1-33 
b. Detailed.—By a more detailed study of the individual 
weeks included in the general study of consideration of aver­
ages and especially when the subjective notes are taken into 
account some points of interest are apparent. During the 
University school year it was found that the weekly curve 
followed very closely in its rises and falls that of days of most 
and least study. On Saturdays the most hours were spent in 
the lecture room. These were not low record days, however, 
but Fridays which were devoted to preparation for the Satur­
day lectures. The increased difference between maximum 
and minimum on Monday and Thursday, mentioned above, 
was due to a marked drop in the minimum curve for those 
days, and which is accounted for when the subjective notes 
made on those days are consulted. On the Monday upon 
which the low measurement was made, I had written, " No 
physical exercise to-day or yesterday; close application to 
work," and on the Thursday upon which the low measure­
ment was taken I had written " Close confinement and intense 
study for several days." This accounts, in a measure, not 
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332 EXPERIMENTAL STUDY OF DYNAMIC PERIODICITY 
only for the increased deviation between maximum and mini­
mum but for the low arithmetical average. 
3. Monthly Periodicity 
a. General.—A consideration of the curves for the sixteen 
months during which tests were taken in the first experiment, 
no distinctive characteristic common to all or a large per­
centage of the months is noted. A comparison of the several 
months reveals the fact that ten of the sixteen months (63 
per cent.) have the same diurnal course of efficiency and 
that the curve for each of the ten months has the same gen­
eral trend as the average curve for the 505 days included in 
the experiment. The curves for four of the remaining six 
months have the same general trend as the average curve and 
vary from it only in that the crests are at different hours of 
the day. Thus fourteen or 87 per cent, of sixteen months 
during which tests were taken have the same general trend, 
the M shaped curve for their diurnal course of efficiency. 
b. Detailed.—For nine of the months the difference between 
maximum and minimum curves shows a decided decrease at 
9 A. M. from that at 7 A. M., for eleven months there is a 
marked increase in the difference between maximum and 
minimum at 12 м. over that at 9 A. M., for twelve months 
there is a marked decrease in this range between maximum 
and minimum at 2 p. м. from that at 12 м., for eleven months 
there is an increase in the difference between maximum and 
minimum at 6 P. M. over that at 2 p. м., for eleven months 
there is a decrease in this range at 8 P. M. from that at 6 P. M. 
and at 11 P. M. ten months have an increase in the range of 
difference between maximum and minimum over that at 
8 P. M. 
4. Seasonal Periodicity 
a. General.—In studying the seasonal periodicity I have 
considered (1) the curve of daily averages for the entire 
period of 505 days included in the experiment, (2) the daily 
mean variations and (3) the diurnal course of efficiency by 
seasons. From a consideration of the curve of daily aver­
ages for the entire period, it is evident that the portion repre­
senting the summer and autumn, June 21st to December 22nd, 
is more regular and at a higher level than the portion repre­
senting the winter and spring seasons. The curve for autumn 
is higher though not more regular than the curve for sum­
mer. This is best shown by a consideration and comparison 
in percentages of the number of days of each season that are 
below the average for the year. The average daily measure­
ment for the calendar year 1913 was 45.9 kilograms, 68 per 
cent, of the days of the winter season were below this average, 
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EXPERIMENTAL STUDY OF DYNAMIC PERIODICITY 333 
80 per cent, of the days of the spring season were below this 
average, 26 per cent, of the days of the summer season and 
only 4 per cent, of the days of the autumn season were below 
this average. The beginning of the winter season is quite 
marked for both the year 1912 and 1913, there being a de­
cided drop in the curve near the middle of December. There 
is no characteristic change in the curve at the approach of 
the spring season; the curve during the entire season being 
only slightly more irregular than the curve for the winter 
season. Between summer and autumn there seems to be no 
line of demarcation. If we were to consider the curve as 
represented by arithmetical averages only, there would be 
much more reason for dividing the year into three periods 
as suggested by Malling-Hansen, i. e., from August to the 
middle of December, from the middle of December to the 
end of April and from the first of May to the end of July. 
The general curve becomes very regular about the first of 
August and continues in this way until the middle of Decem­
ber where there is a decided drop in the curve. From this 
point on the curve continues at a decidedly lower level and 
somewhat more irregular to the first of April. Between May 
1st and August 1st the curve is slightly more regular than 
the previous period. 
A careful study of the data for the 505 days included in 
the first experiment brings to light a marked difference in the 
diurnal course of efficiency as indicated by the mean variation 
for the different seasons. During the winter season the 
curve of mean variation on 65 per cent, of the days was that 
of the letter W, during the spring season 51 per cent, of the 
days, during the summer season 31 per cent, and during 
autumn 41 per cent, of the days. The characteristic curve 
for the summer season was that of the inverted letter U, i. e., 
there was a gradual rise in the mean variation from the 
morning period until 2 P. M. or 6 p. м. then a gradual drop 
to 11 P. M. During spring and autumn the days are nearly 
evenly divided, and seem to alternate between the two forms. 
This is not surprising when we remember that spring and 
autumn are transition seasons between the colder winter and 
warmer summer. During the summer when the diurnal solar 
control of climatic conditions is strongest there is a gradual 
rise in the mean variation of the dynamometric measurements 
taken at the respective periods of the day up to 2 p. м. or 6 
p. M. with a drop to 11 P. M. During the winter when the 
non-periodic cyclonic element controls the weather the diurnal 
course of efficiency as expressed by the mean variation of 
dynamometric measurements is of a very different character. 
There is a drop at 9 A. M. from that at the early morning 
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334 EXPERIMENTAL STUDY OF DYNAMIC PERIODICITY 
period, a slight rise at noon, a drop in the afternoon and a 
rise in the evening. This would seem to indicate that during 
the summer season when climatic conditions are controlled 
by a periodic diurnal solar element, the subject gradually 
decreases in his ability to remain constant during the time 
required for taking the dynamometric measurements, accord­
ing to previously described methods, as the day advances 
with the exception of the U P . M. period. This deviation may 
be accounted for by the fact that at this time the subject was 
fatigued and as will be pointed out later fatigue tends to 
increase the mean variation up to a certain point, but as 
fatigue becomes more pronounced the mean variation be­
comes less, or that the subject had been physically inactive 
for three hours previous to taking the II p. м. tests, and that 
inactivity lowers both the arithmetical average and mean 
variation. During the winter season when climatic conditions 
are controlled by a non-periodic element the subject's ability 
to remain constant shows effects of work, rest, the taking of 
food and recreation. That there is a definite causal relation 
between these two very interesting facts, the change of 
weather conditions caused by the predominating control of the 
solar or non-periodic cyclonic element and the mean variation 
in the dynamometric measurements taken during the different 
seasons, this investigation does not attempt to prove. Even 
should this relation be established for one individual far more 
extensive investigations would be necessary to establish the 
hypothesis as a law. If it is true, however, that during the 
winter season the currents of air that come from higher alti­
tudes bringing ozone and a high electrical potential do stimu­
late man to the extent that he remains more constant at a 
given time of the day, increases his ability to concentrate as 
this investigation seems to indicate, it is well worth scientific 
investigation. 
The seasonal variation as indicated by the diurnal course 
of efficiency for the five seasons studied differs from that of 
the average only in the location of maximum and minimum 
points and not as to general trend. In the relative difference 
between maximum and minimum curves all seasons agree 
with that of the average curve. 
5. Yearly Periodicity 
a. General.—In studying the yearly periodicity, I considered 
( i ) the general trend of the daily averages and (2) the 
diurnal course of efficiency. The data for the first three 
months of the year 1913, January, February and March, were 
compared with those of the same three months of 1914. The 
general trend of the average curves for the two years is very 
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EXPERIMENTAL STUDY OF DYNAMIC PERIODICITY 335 
much the same. The January curve for each year is identical 
in general trend. For each month there is a rapid rise during 
the first four days followed by a gradual decline until about 
five days from the end of the month when there is a compara­
tively rapid rise, followed by an equivalent drop on the last 
day of the month. February for each year shows a gradual 
downward tendency in the direction of the curve. There is a 
close similarity between the curve of daily averages for March 
each year. Each curve is comparatively level up to the 21st 
day where each drops about 1.5 kilograms. From this day 
on to the end of the month there is a difference, the curve for 
1913 continues at a lower level, while the curve for 1914 rises 
on the 23rd day to a higher point than that before the drop 
on the 21st day and continues on a higher level to the end of 
the month. In each case the curve for 1913 is more irregular 
than the curve for 1914, which is made more manifest by a 
consideration of the maximum and minimum measurements. 
For each month and for each period of the day the range of 
difference between maximum and minimum is greater for 
1913 than for 1914. This variation is due in a measure to 
the fact that when I began acting as a subject my habits be­
came more regular and fixed. An effort was put forth to 
have regular hours for meals, study and recreation. There 
was a definite time for rising in the morning and for retiring 
in the evening. An increased regularity in habits would 
doubtless bring about an increased regularity of results in 
the data collected. 
A study of the diurnal course of efficiency shows January, 
1914, only slightly different from that of 1913. The greatest 
difference is shown by the deviation between maximum and 
minimum, also the median curve which differed considerably 
from the average curve for January, 1914, while the two were 
nearly coincident for 1913. For February and March, each 
year, the median curve follows the average curve closely, the 
marked variation being in the fact that for both months the 
1914 curve is considerably above that of 1913. The greatest 
variation is in the increased rise in the curve from 7 A. M. to 
9 A. M. The 7 A. M. measurement for the two years agree 
within one kilogram, but the rise at 9 A. M. for February, 
1913, is 1.9 kilograms while that for February, 1914, is 4 
kilograms; the rise at 9 A. M. for March, 1913, is 2.6 kilo­
grams while that for March, 1914, is 5.4 kilograms. There is 
very little difference in the general trend of the curve from 
9 A. M. on to the end of the day save that for 1914 is at a 
higher level than that for 1913. 
b. Detailed.—A study of the general trend of the curves 
and even a comparison of the diurnal course of efficiency by 
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months has a tendency to emphasize differences and minimize 
likenesses. A detailed consideration of the complete records 
for corresponding days in the light of subjective notes is very 
suggestive and essential in making a complete comparison. 
The marked difference between maximum and minimum was 
due to the slightly more varied or irregular curve for 1913 
than 1914. This variation was much more marked for Feb­
ruary and March than for January. During the last week of 
February, 1913, I had written, " It is very difficult to explain 
this week, unless it is the result of two weeks' close confine­
ment with inadequate exercise." On the week beginning March 
16, 1913, I had written, " A sudden rise in vitality, an in­
creased ability to work but a decreased inclination." During 
the last week in March, 1913, I had written, " An aversion to 
study; can hold myself to work with difficulty." From the 
above, it is evident that the maximum of work was being 
attempted. This explains the wide range between maximum 
and minimum, and the fact that the average curve for 1913 is 
lower than for 1914. There was not so much work attempted 
during 1914 and it was accomplished under more ideal en­
vironmental conditions. A consideration of the month of 
January each year when the amount of work attempted and 
environmental, conditions were similar reveals the following 
detailed records for the 7 A. M. tests for the first week in 
January each year: 
1913 43-5 46.0 43.0 45.5 45-7 45-0 45-0 
1914 43-6 44-6 43-0 44-6 45-8 45.o 44-5 
A very marked resemblance is shown. The object in selecting 
the morning records is the fact that these are freer from acci­
dental influences that might happen during the day, these tests 
being taken after a night's rest. Not all the weeks of the 
two months have so close a resemblance, however. For Janu­
ary, 1913, the maximum measurement was 54 kilograms, the 
highest daily average 48.9 kilograms, and the lowest daily 
average 44.5 kilograms. For January, 1914, the maximum 
measurement was 56 kilograms, the highest daily average 48.2 
kilograms and the lowest daily average, 45 kilograms. As 
has been pointed out the maximum grip (57 kilos) was made 
at 12 M. January 6, 1914, and the best record for any one 
single period (52 kilos) was made at 12 м. January 4, 1913. 
6. Individual Variations and Correlation of Tests 
An opportunity for studying individual variations and cor­
relation of tests was made possible by nine graduate students 
who kindly consented to act as subjects. One graduate stu-
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EXPERIMENTAL STUDY OF DYNAMIC PERIODICITY 337 
dent who will be designated as Subject R, took tests at 6 p. м. 
each day from December 12, 1912, to May 26, 1913. The time 
at which Subject R took tests was the same as one of my own 
periods; further he had similar habits of life and was doing 
very much the same work at the University. The general 
trend of the two curves is the same, the curve of Subject R 
being slightly above my own. Each curve shows a slight rise 
up to the 1st of January and a downward trend through Feb­
ruary and March, a slight upward trend in each curve to the 
14th of April. From April 17th to May 23rd the curve for 
Subject R took a downward direction while my own curve in­
dicates a rise. This downward trend in the curve of Subject 
R is doubtless due to the fact that during these days prepara­
tion was being made for the final examination for the Doc­
tor's degree. On the three following days after the examina­
tion the curve makes a very rapid rise. 
During the New York University Summer School of 1913 
eight graduate students, two ladies and six gentlemen, con­
sented to act as subjects for twenty-four days. Each subject 
took tests with the Smedley dynamometer, according to the 
previously described method, at 1 p. м. (the beginning of a 
lecture period), at 2.30 P. M. (the end of the lecture period 
proper) and at about 3 p. м. (or just after taking the Lough 
Association Test which followed the lecture period). Meas­
urements were taken between July 5 and August 5, 1913. No 
tests were taken on Saturdays or Sundays. A careful con­
sideration of the data reveals the fact that only three subjects 
show a decrease in their ability to grip the dynamometer on 
more than 50 per cent, of the days, two show a decrease on 
more than 50 per cent, of the days while taking the Associa­
tion tests, four show a drop in the median measurement on 
more than 50 per cent, of the days during the lecture period, 
while only two show a similar drop during the time of taking 
the Association test. Two show an actual decrease in the 
difference between maximum and minimum on more than 50 
per cent, of the days, while only one shows a similar decrease 
while taking the Association test. A very wide range of per­
centages, doubtless, indicate very marked individual variations. 
7. Fatigue Influences 
The marked drop in the curve of Subject R from April 
17th to May 23rd, previously noted, was due not only to in­
tense application while completing his Doctor's thesis and the 
accompanying mental strain, but to a lack of out-door exer­
cise. It is interesting to note at this point, that the curve of 
Subject R took a sudden rise during the last five days and 
actually reached my own curve on the day before the experi-
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ment closed though it had been nine kilograms below it on the 
ioth day of May. During these five days much time was 
spent in the open; there was no study and no mental strain. 
Just how much of this effect was clue to mental fatigue and 
how much to lack of physical exercise cannot be determined 
by the tests taken by Subject R. My own data furnish an 
opportunity to study this very interesting problem and throw 
some light upon the effects of both mental fatigue and phys­
ical inactivity. During the last week in February, 1913, and 
the month of March, I was doing the maximum of mental 
work possible as has been indicated by quotations from sub­
jective notes. These weeks were characterized not only by a 
low daily average but the range between the right and left 
hand became much affected. In general my right hand is 
from 5 to 8 kilograms stronger than the left. It was during 
this last week in February, 1913, including the first two days 
of March that the left hand measurement equalled that of the 
right hand on thirty of the forty-nine periods upon which 
tests were taken. During the week beginning March 16, 1913, 
when I had written, " An increased ability to work but a 
decreased inclination," the left hand measurement equalled 
that of the right hand on only thirteen of the forty-nine 
periods. 
An additional opportunity for studying the effect of lack of 
physical exercise is offered by the data for the month of June, 
1913. During this month there was no study and very little 
outdoor exercise. As has been stated the curve for May, 
1913, had a general upward trend which continued until the 
6th of June, when there was a sudden marked drop which 
came after five days of inactivity. The curve continued down­
ward until June 16th, when the average measurement of the 
day was 4.1 kilograms below the yearly average line. Five 
days of out-door exercise brought the curve up to the average 
line again on the 21st of June, but the following nine days of 
inactivity left the curve on the last day of June where it had 
been on the 16th. During the month of May the range of 
difference between the right and left hand measurements had 
become normal, and remained normal during the month of 
June. This would seem to indicate that physical inactivity 
produces a gradual decrease in the ability to grip the dyna­
mometer, while mental fatigue produces not only noticeable 
deviations from the normal from day to day, but very marked 
fluctuations between the right hand and left hand. In other 
words, a period of physical inactivity is characterised by slug­
gishness, life at low ebb, while mental fatigue is accompanied 
by an inability to remain constant. 
To test further the effects of inactivity, and lack of out-
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door exercise and physical fatigue the following experiment 
was devised: ( I ) tests were taken with the dynamometer 
according to the previously described method by three sub­
jects, Subject Z, a girl twelve years old, Subject O, a girl 
fourteen years old and myself, Subject K, (2) Subject Z took 
no outdoor exercise, but read, sketched or sewed, Subjects O 
and K spent much time in the open playing tennis or walking, 
(3) tests were taken at 8, 9, 10 and 11 A. M., at 12 м. and at 
2, 3, 4 and 6 p. M. These tests were continued for seven days 
and from the following table it is noted that: 
Subj. 8 a.m. ga.m. 10 a.m. 11 a.m. 12 m. 2 p.m. 3 p.m. 4 p.m. 6 p.m. 
Z 15.0 14.9 15.7 15.2 15.0 16.6 15.7 15.2 15.6 
0 16.9 18.8 20.0 19.4 18.1 19.1 17.9 18.3 18.3 
K .45 .8 47.7 47.9 47-2 45-6 46.2 46.4 46.5 46.1 
(1) the curves of Subjects 0 and K are very much the same, 
having a high morning maximum and a much less pronounced 
afternoon crest, (2) the curve of Subject Z has a morning and 
an afternoon maximum, the afternoon being the more pro­
nounced. This would seem to indicate that physical exercise 
in the open air tends to make the morning hours the better, 
while during days of inactivity the maximum measurement 
occurs in the afternoon. In the case of Subject Z the 9 A. M. 
measurement actually drops below the 8 A. M. measurement. 
This was also true on three different days of June, 1913, in 
my own regular tests when the 9 A. M. measurement was 
below the 7 A. M. measurement. It was during this month 
that little physical exercise was taken and almost all of the 
time was spent indoors. 
An attempt was next made to measure physical fatigue. 
Two subjects, Subject S, a high school boy 17 years old and 
myself, Subject K, used a pulley-weight exerciser to produce 
physical fatigue. Each subject took six measurements on the 
dynamometer according to the previously described procedure 
at three minute intervals, the pulley-weight exerciser being 
used between times, and finally after ten minutes' rest. Sub­
ject K used the exerciser for five minutes instead of three on 
the first period. Both subjects were urged to put forth the 
maximum amount of energy in using the exerciser. The 
table given below shows for Subject 5" a slight increase in the 
dynamometric measurement after the first three minute period, 
but from this on there is a gradual decrease with the greatest 
decrease after the ten minutes' rest. It is noted also that the 
mean variation at this last measurement was small, from 
which it might be inferred that a small mean variation might 
be associated with physical fatigue as well as with a normal 
physical condition or physical vigor. Subject K shows signs 
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340 EXPERIMENTAL STUDY OF DYNAMIC PERIODICITY 
of fatigue after using the exerciser five minutes, and also at 
the end of each of the three minute periods, but after ten 
minutes' rest the measurement was higher than at the pre­
vious period. The records of Subject K show an increase in 
mean variation as fatigue increases up to a certain point then 
begins to decrease as fatigue becomes more apparent. 
Subj. S o min. 3 min. 6 mitt. 9 min. 19 min. 
Average 35.3 37.3 36.6 35.6 33.8 
Mean var 1.5 1.3 1.4 1.3 1.1 
Subj. K omin. 5 i«ii!. 8 min. n min. 14 min. 24111111. 
Average 49.0 47.6 47.8 47.3 45.8 46.6 
Mean var 5.0 5.5 6.1 6.0 5.1 4.8 
Both of these experiments seem to confirm the conclusion 
reached above, that physical fatigue and inactivity produce a 
gradual decrease of physical strength, while mental fatigue 
produces a marked fluctuation in strength, or a lack of 
constancy. 
8. Barometric Influences 
An attempt was made to study the dynamometric data col­
lected in the light of climatic conditions as indicated by ba­
rometric readings. My own data show a maximum at a 
barometric reading of 30.00 with a gradual decline on either 
side, but with marked fluctuations at the extremes of the 
curve. The curve for Subject R was similar save that the maxi­
mum was at 29.80. The barometric readings were not so 
high during the time when Subject R took dynamometric 
measurements as the period for Subject K. Of the eight 
graduate students, six show a maximum at 30.10, one at 29.90 
and one at 29.80. The fact that six of the subjects agree as 
to the maximum point is significant, also that it is near the 
maximum point of Subject K whose data include all seasons 
of the year. Further, it might be added that the measure­
ment for Subject K for the same days as those of the gradu­
ate students indicated 30.10 as a maximum. These variations 
would doubtless be less if all seasons were included in the 
data tabulated for each subject. 
The season during which the highest dynamometric meas­
urements were taken by myself was autumn. During this 
season 70 per cent, of the days had a barometric reading above 
the normal, 29.98, during spring, which was the low point in 
the curve, 55 per cent, of the days were above normal. Dur­
ing summer 55 per cent, and during the winter of 1912-13, 60 
per cent, and during the winter of 1913-14, 63 per cent, of 
the days were above normal. This would seem to indicate 
that the collective influence of a large number of days as 
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indicated by seasons tended to strengthen the conclusions 
drawn above. 
9. Hygrometric Influences 
My own data indicate a maximum measurement upGn days 
when the relative humidity was between 70 and 80 and second 
highest on days when the relative humidity was between 80 
and 90. There was a very marked drop in the measurements 
for days having a relative humidity below 50. For Subject R, 
the maximum was at 80 and minimum at 30. Three of the 
graduate students had a maximum between 80 and 90, two 
above 90 and three between 40 and 50. Regarding the last 
two mentioned it must be stated that their second highest 
measurements occurred on days of relative humidity above 
90, so that the high record was doubtless influenced by other 
climatic, physical or psychic elements. For the subjects 
studied, a relative humidity between 75 and 85 is probably 
most advantageous. The months August, September and Oc­
tober, months of high dynamometric measurement, had a 
relative humidity only slightly below 75. These months were 
characterized by a comparatively constant daily dynamometric 
measurement. 
10. Psychic Influences 
Under psychic influences there is no intention of entering 
into a discussion of the influence of mind over matter or 
vice versa. There were days when pure psychic influences 
entered, however, e. g., on Saturdays during the University 
year 1912-13 the 12 м. tests were invariably higher than the 
9 A. M. or 2 p. M. tests. The 12 м. tests were the maximum 
tests for these days. The 12 м. tests on these Saturdays were 
taken at 12.30 p. м., which might alter the records slightly, 
but on the other hand the time from 9.15 to 12.30 was spent 
in the lecture room taking notes. These very high records 
were influenced, we believe, by the fact that these three hours 
of lectures were very interesting and inspiring, and also be­
cause on these days a large number of students were in attend­
ance at the University and especially the lectures referred to ; 
in other words, my tests were influenced by an inspiring lec­
turer and by the crowd. Another interesting fact in connec­
tion with these Saturday tests was that the 6, 8 and 11 P. M. 
tests were invariably low. There seemed to be a reaction, 
or perhaps it might be said that we have about so much 
energy for each day and if a larger amount is used up during 
the morning and early afternoon, there will be less for the 
evening. Again the effect of examinations furnished an 
opportunity to study psychic influences, and its effect upon 
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342 EXPERIMENTAL STUDY OF DYNAMIC PERIODICITY 
the ability to grip the dynamometer. In case of Subject R 
tests taken immediately after a written examination would 
be higher than just before the examination. This was espe­
cially true when taking the preliminary examination for the 
Doctorate. These examinations were taken in the evening, 
the subject writing from 7 p. м. to 10.30 P. M. At 6 P. M. 
Subject R's tests were normal on both evenings upon which he 
wrote, while at 11 P. M. the tests were higher than at 6 p. м . ; 
but in both instances at 6 P. M. the next day the tests were 
much lower. My own experience with the preliminary exam­
inations did not agree with that of Subject R. After writing 
for three hours my dynamometric measurement was lower 
than before. The psychic influence is heightened by the atti­
tude of the subject towards the mental work. With these two 
subjects it was entirely so, Subject R became somewhat nerv­
ous while Subject K took them as a matter of course; and 
the results were in fact an indication of difference of tem­
perament. 
11. After One-Hundred-Eighty Days' Rest 
The writer was interested in the effect of practice, and 
especially in determining, if possible, the relation between the 
effect of practice and that of becoming accustomed to the 
apparatus used. Consequently after discontinuing the ex­
periment, 180 days' tests were again taken in the same manner 
and at the same hours of the day as in the original experi­
ment. These tests were continued for 50 days. The follow­
ing table gives the summary results. 
7 a.m. ga.m. 12 m. 2 p.m. 6 p.m. 8 p.m. n p.m. 
Average. . .. 40.8 43-93 43-92 44.3 43.8 44-7 4^-6 
Max 44.s 46.3 46.0 47.S 47.0 47.1 46.6 
Min 39.6 41.3 40.3 40.1 41.5 40.0 39.0 
Median. . ',.. 41.0 44.0 44.0 43.9 43.9 44.6 42.9 
M. V 1.2 1.04 1.22 1.3 1.1 1.15 1.3 
As indicated by this table the results for the 50 days confirm 
the conclusions reached by a study of the 505 days. But on 
considering the records more in detail, it is noted that the 
average curve after 180 days' rest began at a higher point 
than when tests were begun in the very first of the original 
experiment; and that while there was a gradual rise there 
was much more uniformity than in the curve at the very 
beginning. This regularity was more in accord with that of 
the curve at the close of the original experiment, and was 
doubtless what might be called an echo of the practice gained 
during the 505 days. Again during the 505 days, I had be­
come accustomed to the apparatus to an extent that I was 
D
ow
nl
oa
de
d 
by
 [Y
or
k U
niv
ers
ity
 L
ibr
ari
es
] a
t 2
0:0
1 2
1 N
ov
em
be
r 2
01
4 
EXPERIMENTAL STUDY OF DYNAMIC PERIODICITY 343 
hardly conscious of the dynamometer; I could gr ip my maxi­
mum with perfect ease. This condition was entirely want ing 
when I began tests again after 180 days' rest. I t seemed that 
I must become accustomed to the apparatus again, though 
I knew exactly how it should be adjusted, and had a distinct 
memory as to how it should feel. But it was not until after 
the twentieth day that I became accustomed to the apparatus , 
as I had been at the close of the original experiment. Dur ing 
all this time there was a gradual rise in the curve. In one 
other point the curve after rest differed from the original 
curve. After about sixteen days' rapid rise in the original 
curve there was a distinct drop, which continued five or six 
days. This was entirely lacking in the curve after rest. I t 
does seem that there was an influence of practice, an echo as 
it were, but the very marked upward trend in the curve at 
the beginning was doubtless due to the fact tha t it took sev­
eral days (a t least 20) for the subject to become accustomed 
to the apparatus. This is especially important when we take 
into consideration the very great simplicity of the Smedley 
dynamometer. 
12. After Twenty Days' Additional Rest 
Dur ing the twenty days' additional rest there seemed to be 
nothing lost. The height of the curve was on a level with tha t 
before the rest and there was no noticeable loss in adjustment 
of the apparatus. The following table gives a summary of 
the results. 
m. 
6 
6 
Average. . 
Max 
Min 
Median. . 
M. V 
7 a.m 
. 40.8 
. 41.8 
• 39-8 
. 40.6 
0.64 
9 a.m. 
43-8 
44.8 
42.8 
43-8 
0.60 
12 m 
43-4 
44-5 
42.8 
43-2 
o.S£ 
2p.m. 6p.m. 8p.m. up 
43.96 
44-5 
43-5 
44.0 
0.44 
43-97 
45.S 
42.8 
43-8 
0.77 
45-o 
46.1 
4З.4 
45-2 
1.07 
42 
43 
41 
43 
o 
3 
38 
13. Comparison of Results with Those of Other Invest igators 
All previous investigators have found a morning and an 
afternoon crest in the diurnal course of efficiency; and all 
have placed emphasis upon the morning crest. T h a t there 
is a distinct morning and an afternoon elevation in the effi­
ciency curve, my findings affirm; but the max imum is dur ing 
the afternoon instead of the morning. Regarding seasonal 
periodicity, Schuyten and Peaks found a crest a round Decem­
ber-January. My findings place the maximum measurement 
for October-November. Schuyten found a decrease in the 
ability to grip the dynamometer during winter and summer 
and a rapid rise dur ing spring and autumn. M y own data 
show a decline in power during winter, a gradual rise dur ing 
spring, which continued through summer, with a max imum 
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during autumn, a sudden drop at the beginning of winter and 
a gradual decline which began about the middle of the winter 
season. Dexter pointed out marked effects of barometric and 
hygrometric influences. My own investigation shows there 
is a relation between these climatic factors and the ability to 
grip the dynamometer, but probably not so important as con­
sidered by Dexter. With Schuyten we agree that tempera­
ture is an important element and with Lobsien that environ­
mental influences and especially geographical location are 
important. 
14. General Summary and Suggestions 
From the data studied and for the individuals acting as 
subjects we are warranted in concluding: / that there is a 
distinct diurnal course of efficiency, a low morning measure­
ment followed by a distinct rise at 9 A. M., a slight drop at 
12 M., a rise at 2 p. м., a slight fall at 6 P. M., a rise at 8 P. M. 
and a fall at 11 p. м. ; 2 that there is no distinct weekly period­
icity; 3 that there is no distinct monthly periodicity; 4 that 
there is a distinct seasonal periodicity, characterized by a 
maximum during October-November, a gradual decline dur­
ing winter with a minimum during February-March, a grad­
ual rise during spring, a high level during summer and a 
slightly higher level during autumn; 5 that there is a tendency 
for the curve of efficiency of one year to follow the general 
trend of the previous year; 6 that variations in climatic con­
ditions, expressed in terms of barometric, hygrometric and 
thermometric records, and environmental conditions cause a 
variation in the ability of an individual to grip the dynamo­
meter; 7 that physical fatigue or physical inactivity cause a 
marked decrease in the physical strength; 8 that mental fatigue 
has an influence that shows characteristics differing from 
that of physical fatigue; 9 that the very interesting results 
relating to seasonal periodicity warrant a more extensive in­
vestigation of the problem; 10 that the element of practice 
enters slightly but that the marked rise at the beginning of 
the curve is due to the subjects becoming accustomed to the 
apparatus; 11 that there is a need of more investigations on 
individual cases, more ascertained and established facts in 
relation to the effects of climatic changes. 
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